Biodegradable polymers represent a class of particularly useful materials for many biomedical and pharmaceutical applications. Among these types of polyesters, poly(ε-caprolactone) and polylactides are considered very promising for controlled drug delivery devices. These polymers are mainly produced by ring-opening polymerization of their respective cyclic esters, since this method allows a strict control of the molecular parameters (molecular weight and distribution) of the obtained polymers. The most widely used catalysts for ring-opening polymerization of cyclic esters are tin-and aluminium-based organometallic complexes; however since the contamination of the aliphatic polyesters by potentially toxic metallic residues is particularly of concern for biomedical applications, the possibility of replacing organometallic initiators by novel less toxic or more efficient organometallic complexes has been intensively studied. Thus, in the recent years, the use of highly reactive rare earth initiators/catalysts leading to lower polymer contamination has been developed. The use of rare earth complexes is considered a valuable strategy to decrease the polyester contamination by metallic residues and represents an attractive alternative to traditional organometallic complexes. Keywords: biodegradable polymers, catalysts, polymerization DOI: 10.1515/psr-2016-0129
In the second mechanism, the organometallic plays the role of initiator and the polymerization proceeds through an "insertion-coordination" mechanism ( Figure 4 ). The initiator (typically metal alkoxides) first coordinates the carbonyl of the monomer, followed by the cleavage of the acyl-oxygen bond of the monomer and simultaneous insertion into the metal alkoxide bond [1] .
Stridsberg et al. explored for the first time the ROP technique for lactones, cyclic anhydrides and carbonates [5] . Since then, this method has been applied to a wide range of monomers with a great variety of initiator and catalyst systems. Table 1lists some of the most commonly used monomers and their related polyester chains obtained by ROP which are currently used as biomaterials as well as ecological materials that preserve the environment. Table 1 : Monomer and polymer structures of the most common aliphatic polyesters obtained by ROP [6] .
Monomer
Polymer R = -(CH 2 ) 2 -βPL, β-propiolactone R = -(CH 2 ) 3 -γBL, γ-butyrolactone R = -(CH 2 ) 4 -δVL, δ-valerolactone R = -(CH 2 ) 5 -εCL, ε-caprolactone R = -(CH 2 ) 2 -O-(CH 2 ) 2 -DXO, 1,5-dioxepan-2-one R= -(CH 2 -CH(CH 3 ))-βBL, β-butyrolactone R = -(C(CH 3 ) 2 -CH 2 )-PVL, pivalolactone R = -CH 2 -CH(CO 2 C 7 H 7 )-βMLABz, benzyl β-malolactonate Polylactone poly(ω-hydroxy acid) PβPL PγBL PδVL PεCL PDXO PβBL isotactic PβBL atactic PPVL P(R,S)MLABz P(R)MLABz P(S)MLABz Polydilactone 
Catalysts for ROP of PLAs
A broad range of catalysts have been reported for the ROP; most of them are organometallic derivatives of metals with d-orbitals of a favourable energy, such as Al, Sn, Nd, Y, Yb, Sm, La, Fe, Zn, Zr, Ca, Ti and Mg [7, 8] .
Since the contamination of the aliphatic polyesters by potentially toxic metallic residues is particularly of concern for biomedical applications, the possibility to replace organometallic initiators by novel less toxic or more efficient organometallics has been studied. Thus, a large variety of rare earth (RE) derivatives have been used to initiate the ROP of lactones and lactides due to their high reactivity [9] . The use of a catalytic amount of lanthanide complexes is a valuable strategy to decrease the polyester contamination by metallic residues as compared to the previously described tin-and aluminum-based initiators which must be used in stoichiometric amount vs. alcohol to favour the polymerization kinetics [1] .
On the other hand, lanthanide complexes have been of considerable interest in the recent years as a result of their implications in the optical imaging of cells, such as luminescent chemosensors for medical diagnostics and contrast reagents for medical magnetic resonance imaging, in bioorganic chemistry [10, 11] and in the manufacture of superconductors [12] [13] [14] [15] , ceramics [16] and glass for optical, electronic and medical applications [13] .
RE metal oxides have also found numerous applications in the field of catalysis [17] [18] [19] [20] . Thus, organolanthanide chemistry has registered a growing interest in the past decades; the design and application of organolanthanide complexes as catalysts for polymerization and organic synthesis have occupied an especially important place. Changing the ligand environment of a complex to modify its properties has been an important strategy for the development of more efficient or selective catalysts.
Initially, organolanthanide chemistry has been dominated mainly by metallocene complexes that bear two substituted or unsubstituted cyclopentadienyl ligands. In the following years, the search for new ligand systems to extend the lanthanide chemistry has increased considerably [21] . with Ln-Sc, Y and lanthanides as initiators for the preparation of caprolactone-ethylene block copolymers [[22] ]. One year later, Nomura et al. reported the block copolymerization of tetrahydrofuran (THF) with δ-valerolactone by alkylsamarium (RSmI 2 ) complex [23] . Polymerization of δ-valerolactone by butylsamarium gave the corresponding poly(valerolactone) in good yield, while the polymerization of δ-valerolactone with poly-THF led to the block copolymer of THF with δ-valerolactone.
Rare earth-based catalysts for synthesis of PLAs
In 1997, Boffa and Novak reported the synthesis of "link-functionalized" poly(ε-caprolactone) (LFP) using bimetallic complexes of the type (C 5 Me 5 ) 2 Sm/R/Sm(C 5 Me 5 ) 2 [24] .
LFPs are of special interest because:
-they may serve as building blocks to other architectures;
-are useful models for the environment experienced by the polymer backbone;
-their functionality may be used to influence the polymerization process itself [25] . [26] . The product of this polymerization had a high molecular weight and moderate polydispersity. The initial step of the polymerization is a nucleophilic attack by one of the nucleophilic amido-nitrogen atoms at the lactone carbonyl-carbon atom, followed by acyl bond cleavage and formation of an alkoxide ( Figure 5 ). In 1998, Nomura et al. published a novel transformation reaction of living poly(THF) from cationic into anionic propagation species [27] . These species were formed by end-capping of living poly(THF) with potassium iodide ( Figure 6 ) followed by the reduction with bis(pentamethyl cyclopentadienyl)samarium (Cp * 2 Sm). The formed terminal anionic carbanion was active for the polymerization of ε-caprolatone and δ-valerolactone and leads to the selective formation of unimodal block copolymers.
ROP of lactones using SmX 2 (X = I, Br, C 5 H 5 ) catalysts was reported by Agarwal et al. [28] . Successful room temperature ROP of ε-caprolactone and δ-valerolactone has been carried out using the SmX 2 catalysts. SmI 2 in the presence of metallic Sm was found to enhance the reactivity at room temperature in ROP processes as compared to pure SmI 2 . SmBr 2 and Sm(C 5 H 5 ) 2 showed increased reactivity compared with the Sm/SmI 2 system owing to their higher reductive power [28] .
Among other studies of other samarium (II) aryloxide complexes, Nishiura et al. showed that [(C 5 Me 5 )Sm(μ-OC 6 H 2 t Bu 2 -2,6-Me-4)] 2 exhibited an extremely high activity for the ROP of ε-caprolactone and δ-valerolactone [29] .
In the article of Yuan et al., it was shown that the homopolymerization and copolymerization of ε-caprolactone and lactides can be initiated efficiently by 2-methylphenyl samarium according to the mechanism of "coordination-deprotonation-insertion," by which the monomer is inserted on the Ln-O bond of RE enolate [30] . When the polymerizations are conducted in bulk, 2-methylphenyl samarium can give high yield and high-molecular-weight products. Desurmont et al. described the first example of well-controlled block copolymerization of 1-olefins with ε-caprolactone using bridged Me 2 Si(C 5 R 4 ) 2 LnH (Ln =Y, Sm) type complexes [31] . These initiators are highly active in copolymerization processes without the presence of any cocatalyst (Figure 7 ). The dimeric structure of the yttrium and samarium hydride complexes is converted into a monomeric structure in the first step of the reaction. Subsequent reactions lead to a chain elongation. The authors reported the preparation of block copolymers of hexene or pentene with ε-caprolactone [31] .
In the study of Deng et al., ROP of d,l-lactide was initiated with RE phenyl compound in bulk and solution [32] . These RE phenyl initiators gave high yield and high-molecular-weight poly(d,l-lactide) products. The results showed that reaction conditions have a great influence on the yield and molecular weight of PLA. Thus, a high molecular weight of PLA was obtained in the case of lower M/I molar ratio.
The ROP of cyclic esters (ε-caprolactone and l-lactide) initiated with LnCp 3 complexes (Ln = Sm, Er, Pr, Gd and Ce) was reported by Agarwal and Puchner [33] . The size of the metal atom was found to have an effect on the catalytic activity. Thus, the order of reactivity was Er~Gd > Sm > Pr > Ce. Although the polymerization system was not living, the growing polymer chains were found to be active for the polymerization of second monomer, thus capable of synthesizing block copolymers.
In the work of Cui et al., the substituted indenyl ytterbium (II) complex (C 9 H 6 C 5 H 9 ) 2 Yb(THF) 2 showed high activity for ROP of lactones [34] . Scandium dialkyl complexes containing bulky iminophenolato ligands have been found to be efficient catalysts for the ROP of ε-caprolactone [35] . The ROP of cyclic esters (ε-caprolactone and l-lactide) is initiated by Cp 3 Ln complexes (Ln = Ce, Pr, Sm, Gd, Er), and it was observed that the size of the metal ion had an effect on the catalytic activity. Other complexes which have been found to exhibit high catalytic activity in the ROP of ε-caprolactone include Cp 3 Dy 2 (NPPh 3 ) 3 [36] .
ROP and block copolymerization of l-lactide has also been achieved with the divalent samarocene complexes (C 5 H 4 C 5 H 9 ) 2 Sm(THF) 2 as catalyst [37] , while d,l-lactide was effectively polymerized using Cp* 2 SmMe (THF) [38] .
In their study, Satoh et 2 Li(TMEDA) (Ln = Nd, Yb) have been established as effective single-component initiators for ε-caprolactone polymerization [40] . Other organolanthanide complexes reported to catalyse the (co-)polymerization of ε-caprolactone include homoleptic lanthanide guanidinate complexes [41] , Cp * 2 Sm(BH 4 )(THF) [42] and sterically hindered lanthanide allyl complexes [43] . Single-component RE tris(4-tert-butylphenolate)s [Ln(OTBP) 3 ] (Ln=La, Nd, Gd, Er, Y) were found to be effective initiators for the ROP of ε-caprolactone. Among them, La(OTBP) 3 has shown higher activity and gave higher-molecular-weight poly(ε-caprolactone) [44] .
In (Figure 8 ) initiated ROP of ε-caprolactone [45] . It was found that the polymerization activity of the compounds had the following order: La ≈ Sm > Nd > Er > Y. Among the studied complexes, La(OTMP) 3 exhibited the highest activity and the prepared poly(ε-caprolactone). (Figure 9 ) was used as catalyst or initiator for the ROP of l-lactide, and it was shown that the catalytic activity of different RE compounds followed the order: La > Nd > Sm > Gd > Er > Y, which may result from different coordination abilities of these RE elements with the monomer [46] . In the same work, ROP of ε-caprolactone was achieved by a novel RE initiator of scandium tris(2,6-di-tertbutyl-4-methylphenolat) producing poly(ε-caprolactone) under mild conditions [47] .
Several tris(allyl) and bis(allyl)(diketiminato)lanthanide complexes have been demonstrated to be highly effective single-component catalysts for the ROP of ε-caprolactone and rac-LA. Polymer end-group analysis showed that the polymerization process was initiated by allyl transfer to the monomer [48] . Reactivity studies of amine-bis(phenolate) complexes of the type [Me 2 NCH 2 CH 2 N{CH 2 (2-OC 6 H 2 Bu 2 t-3,5)} 2 ]LnMe(THF) (Ln = Er, Yb) showed them to be efficient initiators for the ROP of ε-caprolactone [49] .
A comparison of organolanthanide complexes Cp * 2 SmMe(THF) and (μ-PhC=C=C =CPh)[Cp * 2 Sm] 2 , with tin compounds Bu n 2 Sn(OMe) 2 and Bu n 2 Sn(OCH 2 CH 2 CH 2 O) in the preparation of random diblock and triblock copolymers composed of l-lactide and d,l-lactide, has been described by Nakayama et al. [50] .
In the same year, Wu et al. reported that lanthanide complexes containing silyl group-functionalized indenyl ligands exhibited high catalytic activities for ε-caprolactone polymerization [51] . Also, the organosamarium thiolate complex [(MeC 5 H 4 ) 2 Sm(μ-SPh)(THF)] 2 has been reported to be an efficient initiator for the homo-and copolymerization of ε-caprolactone [52] .
A Lewis acidic yttrium (III) complex of an anionic, metal-tethered carbene ligand ( Figure 10 ) was reported to act as bifunctional catalyst for the polymerization of d,l-lactide, using a combination of Lewis acid and base functionalities to initiate the ROP of the cyclic monomer. The alcohol-and amino-functionalized carbenes from which the complexes derive provide models for the first insertion step and also display metal-free polymerization catalysts to generate polylactic acid [53] .
In 2007, several articles dealing with the use of lanthanide complexes as catalysts for the ROP of lactide were published. For example, the lanthanide alkyl complexes bearing N,O-multidentate ligands shown in Figure 11 were successfully tested. It was found that the combination of aminoamine-modified bis(phenolate) ligands with lanthanide alkyl units generated unprecedented stereoselective initiators for the ROP of rac-LA to give heterotactic poly(lactide) [54] . The RE complexes shown in Figure 12 (R = H, Me, t Bu; R′ = Me, Et, pyridyl; R′′ = alkyl, amino, phenoxy; Ln = Sc, Y, Lu) were also found to catalyse the stereoselective ROP of rac-LA. Bulk polymerizations were carried out with THF, dichloromethane or toluene as solvents, obtaining a conversion of 100%. The content of heterotactic polymer in the obtained poly(lactide) reached 0.99, which is higher than the highest value (0.96) previously reported [55] .
The aminophenolate-supported lanthanide mono(alkyl) complexes shown in Figure 13 were found to be highly active initiators for the ROP of l-lactide to give isotactic poly(lactide) with high molecular weight and narrow-to-moderate polydispersity [56] . RE metal alkyl complexes stabilized by anilido-phosphinimine and amino-phosphine ligands ( Figure 14) were reported to initiate the ROP of d,l-lactide with high activity to give atactic PLAs [57] . Atactic PLAs were also obtained from d,l-lactide using as catalysts the pyrrolide-ligated organoyttrium complexes shown in Figure 15 [58] . Lanthanide (II) complexes containing tetrahydro-2H-pyranyl functionalized indenyl ligands ( Figure 16 ) were reported to exhibit high catalytic activity in the polymerization of ε-caprolactone [59] . The polymerization mechanisms of ε-caprolactone initiated by either the RE hydride Cp 2 Eu(H) or the borohydrides Cp 2 Eu(BH 4 ) or (N 2 NN′)Eu(BH 4 ) (N 2 NN′=(2-C 5 H 4 N)CH 2 (CH 2 CH 2 NMe) 2 ) proceed in two steps: hydride transfer from the RE initiator to the carbonyl carbon of the lactone, followed by ring-opening of the monomer. In the last step, a difference was observed between the hydride and borohydride complexes, because for the latter, the ring-opening is induced by an additional B-H bond cleavage leading to a terminal -CH 2 OBH 2 group. This corresponds to the reduction by BH 3 of the carbonyl group of ε-caprolactone. Upon reaction of Cp 2 Eu(H) with ε-caprolactone, the alkoxy-aldehyde complex produced Cp 2 Eu[O(CH 2 ) 5 C(O)H] is the first-formed initiating specie. In contrast, for the reaction of ε-caprolactone with the borohydride complexes (L x )Eu(BH 4 ) (L x = Cp 2 or N 2 NN′), an aliphatic alkoxide with a terminal -CH 2 OBH 2 group, (L x )Eu[O(CH 2 ) 6 OBH 2 ] is formed and subsequently propagates the polymerization [61] .
The dialkyllanthanide complexes shown in Figure 18 were found to display high activities for the ROP of ε-caprolactone, in which narrow-polydispersity polymers were produced. The size of the pendant arm has a significant effect on the molecular weight of the obtained polymer. In comparison to the Y complex with an -NMe 2 group, the Y complexes with NEt 2 and -N((CH 2 CH 2 ) 2 CH 2 ) groups yield much higher-molecular-weight polymers (60,000 vs. 20,000) [62] .
RE metal bis(alkyls) supported by a quinolinyl anilido-imine ligand ( Figure 19 ) were reported to catalyse the ROP of ε-caprolactone with high activities; the Lu complex was proved to be more active than its Sc and Y analogues [63] . 2 ], R 1,2 = C1-C4 alkyl) were found to be useful as monocomponent catalysts for the ROP of l-lactide under mild conditions with high catalytic activity, high poly(lactide) molecular weight, narrow poly(lactide) molecular weight distribution and good polymerization controllability [65] .
In the work of Mahrova et al., the tertbutoxide and borohydride complexes (DAB)Y(O t Bu)(THF)(DME) and [Li(DME) 3 ][(DAB)Y(BH 4 ) 2 ] shown in Figure 21 acted as monoinitiators for the room temperature ROP of rac-LA and β-butyrolactone (Figure 22 ). In these reactions, atactic polymers with controlled molecular weights and relatively narrow polydispersities were obtained [66] . The neutral mono(amidinato) RE metal bis(alkyl) complexes shown in Figure 23 exhibited activity towards l-lactide polymerization to give high-molecular-weight and narrow-molecular-weight distribution polymers [67] . The neodymium heteroscorpionate complex shown in Figure 24 acted as an efficient single-site initiator for the controlled ROP of rac-LA, which showed a homosteric preference for one of the two enantiomers at low conversions [68] . (Figure 25 ) can act as single-component living initiators for ROP reactions. Polymerization of ε-caprolactone occurred within minutes to give medium-molecular weight polymers and narrow polydispersities. Polymer end-group analysis showed that the polymerization process is initiated by alkyl transfer to the monomer [69] . The catalytic properties of the divalent lanthanide 2-pyridylmethyl-substituted fluorenyl complexes (η 5 :η 1 -C 5 H 4 NCH 2 C 13 H 8 ) 2 Ln (Ln = Eu, Y) on the ROP of ε-caprolactone have been studied and the temperatures and solvent effects on the catalytic activities of the complexes examined [70] . It was reported that the lanthanide alkyl complexes supported by a piperazidine-bridged bis(phenolato) ligand shown in Figure 26 are highly efficient initiators for the controlled ROP of l-lactide, giving polymers with high molecular weights and narrowmolecular-weight distributions. (Figure 26 ) can also initiate rac-LA polymerization with high activity, but the stereoselectivity was poor. In contrast, the dimeric gadolinium complex depicted in Figure 27 exhibited apparently low activity for this polymerization [71] . Several bimetallic lanthanide bis(alkyl)complexes bearing bridged amidinate ligands (Figure 28 ) also showed activity towards l-lactide polymerization in toluene [72] . In another study, the behaviour of the samarium (II) borohydrides Sm(BH 4 ) 2 (THF) 2 and Cp * Sm(BH 4 )(THF) 2 as initiators in the ROP of ε-caprolactone has been investigated [73] . ROP could be performed rapidly at room temperature with both initiators. The half-sandwich complex Cp * Sm(BH 4 )(THF) 2 led to narrow polydispersities and higher activity.
An initiating system comprising a rare neodymium-alkyl-carbene complex Nd[C(PPh 2 N i Pr) 2 ][CH(PPh 2 N i Pr) 2 ] and externally added i PrOH was also proved to be an efficient catalyst for the ROP of lactide [74] .
Dicationic and zwitterionic yttrium compounds, prepared according to Figure 29 from the tris(alkyl) precursors Ln, have been reported to act as catalysts for the primary or secondary amine-initiated immortal ROP of rac-LA [75] . Amine-terminated, highly heterotactic poly(rac-LA) with narrow polydispersities and well-controlled molecular weights have been obtained following this method. The scandium and yttrium complexes supported by tridentatephosphido-diphosphine ligands shown in Figure 30 have been studied as initiators for the ROP of lactide [76] .
The yttrium complexes exhibited high activity and good polymerization control, while the analogous scandium complexes gave a good molar mass control but lower activities.
Neodymium complexes are known to be active initiators for the ROP of lactide and lactones, giving rise to medium-high molar mass polymers under mild conditions and with narrow polydispersities. The heteroscorpionate complexes depicted in Figure 31 were found to be well-suited for achieving well-controlled polymerization through an insertion-coordination mechanism. A chiral and racemic complexes did not affect stereocontrol in the polymerization of rac-LA, but the enantiomerically pure complex [Nd{N(SiHMe 2 ) 2 }(NNE)] 2 was found to exhibit a homosteric preference for one of the two enantiomers of rac-LA at low conversions [77] .
DAuria et al. reported the ROP of cyclic esters promoted by phosphido-diphosphine pincer Group 3 metal bis(alkyl) complexes [78] . The phosphido-diphosphine complexes [(o-C 6 H 4 PR 2 ) 2 P]Ln(CH 2 SiMe 3 ) 2 (Ln = Sc, Y; R = iPr, Ph) have been found to be very efficient catalysts for the ROP of ε-caprolactone, l-lactide and δ-valerolactone under mild polymerization conditions. In the ROP of ε-caprolactone, all four complexes promoted the quantitative conversion of high amounts of monomer with very high turnover frequencies showing a catalytic activity among the highest reported in the literature. In the ROP of δ-valerolactone, the catalysts showed the same activity observed for lactides (l-and d,l-lactide) producing high-molecular-weight polymers with narrow distribution of molar masses. The complexes also promoted the ROP of rac-β-butyrolactone affording at low-molecular-weight poly(hydroxybutyrate) bearing unsaturated end-groups probably generated by elimination reactions [78] .
The bent-sandwiched calix [4] -pyrrolyl lanthanide amido complexes displayed in Figure 32 were found to exhibit high catalytic activities towards the ROP of l-lactide, using the dinuclear trivalent lanthanide amido complexes bearing a {(CH 2 ) 5 }4-calix [4] -pyrrolyl ligand [79] . The heterobimetallic oxo-bridged aluminum-RE metal complexes shown in Figure 33 have been investigated as lactide polymerization initiators. The heterobimetallic samarium alkoxide derivative (Figure 33 right) was found to be highly active, yielding high-molecular-weight PLs with over 91% conversion [80] . A germyl-bridged lanthanocene chloride, [Me 2 Ge( t BuC 5 H 3 ) 2 ]NdCl, was prepared and successfully used as single catalyst to initiate the ROP of ε-caprolactone for the first time [81] . It was found that under mild conditions, [Me 2 Ge( t BuC 5 H 3 ) 2 ]NdCl efficiently catalysed the polymerization of ε-caprolactone, giving high yield (> 95%) of poly(lactones) with high molecular weight. When the polymerization was carried out in bulk or in petroleum ether solution, it gave poly(lactones) with higher molecular weight and perfect conversion (100%). The higher catalytic activity of this neodymocene chloride could be attributed to the bigger atom (Ge) in the bridged ring ligands. It was also found that some activators, such as NaBPh 4 , KBH 4 , AlEt 3 and Al( i Bu) 3 , can promote the polymerization of ε-caprolactone by [Me 2 Ge( t BuC 5 H 3 ) 2 ]NdCl, which leads to an increase both in the polymerization conversion and in the molecular weight of poly(lactones) [81] .
Zhao et al. developed a new strategy for the facile synthesis of fluorescent dye-labelled polyesters via immortal ROP of heterocyclic monomers (ε-caprolactone, racemic β-butyrolactone and rac-LA, etc.) by using a catalytic amount of metal-based complexes (including a lutetium alkyl derivative) with an excess of hydroxylated dye compounds ( Figure 34 ) [82] . This strategy breaks the "one catalyst-one dye-labeled polymer chain" limitation in that a series of "clean" dye-labeled polyesters have been obtained in the form of low metal residue, designed molecular weight, narrow distributions, excellent α-dye labelled and o-hydroxyl fidelity and high stereoregularity [82] .
Bis Figure 35 in good yields. They served as highly efficient singlecomponent catalysts for the living ROP of ε-caprolactone, with the activity being dependent on the steric hindrance around the metal centre [83] . Several dinuclear RE metal bis(o-aminobenzyl) complexes bearing a 1,4-phenylenediamidinate co-ligand ( Figure 38 ) have also been reported to show high activity for rac-LA and ε-caprolactone polymerization. For rac-LA, a synergistic effect between two metal centres was observed [85] . A series of heteroscorpionate yttrium and lutetium zwitterionic initiators (Figure 40 ) all showed similar high activity towards the ROP of rac-LA at room temperature, and both the alkyl species participated in initiation, of which the lutetium complexes exhibited slightly higher selectivity than their yttrium analogues [87] . 
Conclusions
Biodegradable polymers represent a class of particularly useful materials for many biomedical and pharmaceutical applications. Among these types of polyesters, poly(ε-caprolactone) and polylactides are considered very promising for controlled drug delivery devices. These polymers are mainly produced by ROP of their respective cyclic esters, since this method allows a strict control of the molecular parameters (molecular weight and distribution) of the obtained polymers. The most widely used catalysts for ROP of cyclic esters are tinand aluminium-based organometallic complexes; however, since the contamination of the aliphatic polyesters by potentially toxic metallic residues is particularly of concern for biomedical applications, the possibility of replacing organometallic initiators by novel less toxic or more efficient organometallics has been intensively studied. Thus, in the recent years, the use of highly reactive RE initiator/catalysts leading to lower polymer contamination has been developed. The use of RE complexes is considered a valuable strategy to decrease the polyester contamination by metallic residues and represents an attractive alternative to traditional organometallic complexes.
